The timing of surgery in patients with recent ischemic stroke is an important and inadequately addressed issue.
Surgery is known to cause hemodynamic, endocrine, and inflammatory disturbances contributing to an increased overall risk of death and adverse cardiac events. These alterations are especially important for perioperative risks among patients with established cardiovascular disease, including cerebrovascular disease, and may pose a particular risk among individuals with unstable cardiovascular comorbidities. 2 Noncardiac surgeries performed in patients with a recent myocardial infarction or stent implantation have been associated with increased risk of perioperative cardiac events, stent thrombosis, and bleeding compared with patients with more distant myocardial infarction or stent implantation. [3] [4] [5] [6] [7] Whether a similar time-dependent relationship exists for stroke is not known, and the recommendations on timing of surgery in patients with prior stroke in current perioperative guidelines are sparse. 8, 9 Of specific concern, cerebral autoregulation has shown to be impaired following stroke, particularly during the first 3 months after occurrence. 10 This may or may not be of importance in surgery, where hemodynamic conditions are altered following bleeding, intravenous fluid administration, and anesthesia/ relaxation. Because the prevalence of stroke and the need for noncardiac surgery increase rapidly with age, it is important to address this matter. 11 We therefore investigated the association between prior stroke (including time elapsed between stroke and surgery) and the risk of major adverse cardiovascular events (MACE) in a large and unselected cohort of patients undergoing noncardiac elective surgery.
Methods
Ethical approval of register-based studies is not warranted in Denmark. The authors had full access to encrypted raw data provided by Statistics Denmark (Central Authority on Danish Statistics). The study was approved by the Danish data protection agency.
Registers
In Denmark, medical care is tax-financed, free of personal charge, and equally available to all inhabitants. For administrative purposes, the government has kept nationwide registers on health care-related data for decades. Moreover, all citizens are given a unique and permanent identification number at birth or upon immigration, which enabled us to link nationwide administrative registers. Five registers were used to identify our population and retrieve information on different variables. 
Population
All elective noncardiac surgeries performed in patients aged 20 years or older during the period 2005-2011 were included in the present study. For patients having multiple surgeries performed during a 30-day period, only the first in each period was included. We identified patients with prior ischemic stroke using ICD-10 codes I63 or I64. Patients with a diagnosis of transient ischemic attack or hemorrhagic stroke were not included in this definition. As with other comorbidities, the stroke diagnosis was considered obsolete if more than 5 years had passed between stroke and surgery. Our population was a priori divided into 5 subgroups based on time elapsed between stroke and surgery: patients with no prior stroke, patients with a stroke within less than 3 months, patients with a stroke within 3 to less than 6 months, patients with a stroke within 6 to less than 12 months, and patients with a stroke 12 months or more prior to surgery. Use of these cutoff points was inspired by a clinical impression and previous documented relations of time elapsed after myocardial infarction or stenting with risk of adverse outcomes.
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Pharmacotherapy
Use of specific drugs was defined as at least 1 claimed prescription for the following agents during the preceding 120 days prior to surgery: statins (Anatomical Therapeutic Chemical Classification C10A), β-blockers (C07), angiotensinconverting enzyme inhibitors and angiotensin II antagonists (ie, renin-angiotensin system inhibitors) (C09), aldosterone blockers (C03D), thiazides (C03A), calcium channel blockers (C08), digoxin (C01AA05), vitamin K antagonists (B01AA0), glucose-lowering agents (A10), loop diuretics (C03CA01), and antithrombotic therapy as low-dose acetylsalicylic acid (B01AC06), dipyridamole (B01AC07), clopidogrel (B01AC04), or a combination of acetylsalicylic acid and dipyridamole (B01AC30).
Comorbidities
Records of discharge diagnoses defined by ICD-10 codes up to 5 years prior to surgery were used to identify the following co-ity are available in eTable 1 in the Supplement. Diagnoses based on ICD-10 codes from the National Patient Register have been validated, with positive predictive values ranging from 82% to 100%. 16 
Surgeries
All surgeries were identified from codes based on the Nordic Medico-statistical Committee's Classification of Surgical Procedures 17 (eTable 2 in the Supplement). Frequency and proportion of 3-letter surgery codes stratified by time between stroke and surgery are shown in eTable 3 in the Supplement. Surgeries were divided into 16 categories based on prior work and clinical impression: ear/nose/throat, major orthopedic, minor orthopedic, abdominal (bowel), abdominal (nonbowel), breast, plastic, endocrine, eye, female reproductive, male reproductive, neurological, arterial vessels, nonarterial vessels, thoracic/pulmonary, and urology surgery, as specified in eTable 4 in the Supplement. As each category consisted of several types of surgery, absolute and relative risk estimates were calculated to ensure that no major discrepancies in risk were found between types of surgery within each category. This classification has also been used in previous work. 18 We excluded gastrostomies, tracheostomies, intracranial surgeries/lesions on spinal cord, and surgical procedures to the arteries of the aortic arch, as these were more commonly performed in the subgroup of stroke less than 3 months prior and might have been confounded by indication. As a sensitivity analysis, we manually reviewed all surgical categories and excluded those that might have been misclassified as elective instead of acute/emergent surgeries (eFigure 1 and eTable 5 in the Supplement). In this analysis we also excluded orthopedic surgeries that were preceded by a diagnosis of trauma to the surgical area, as well as abdominal surgeries preceded by a diagnosis of peptic ulcer and cholecystitis within 7 days prior to surgery (eFigure 1 and eTable 6 in the Supplement). Finally, to further strengthen the likelihood of a causal relationship between association of time elapsed between stroke and surgery and risk of MACE, we also performed a subgroup analysis including only primary hip and knee replacement surgeries among people without a concomitant "fracture surgery" code and without a trauma within up to 7 days preceding the surgery (eFigure 1 in the Supplement).
Risk Stratification
As suggested by Boersma et al 19 and as specified in the Euro- 
Outcomes
Primary outcomes were all-cause mortality and MACE. MACE was a composite outcome of nonfatal acute myocardial infarction (ICD-10 codes I21-22), nonfatal ischemic stroke (ICD-10 codes I63-64), and cardiovascular death (ICD-10 "I" diagnosis listed as cause of death). We also identified recurrent ischemic strokes (ICD-10 codes I63-64) as a separate end point. The majority of perioperative strokes in noncardiac, nonneurological surgery has shown to be of ischemic etiology. 20, 21 The ischemic stroke diagnosis (code I63) has been validated with positive predictive values exceeding 97% and unspecified stroke (code I64) has been validated with a positive predictive value of 75% to 80% for stroke, with the majority of strokes being of ischemic etiology. 22 The acute myocardial infarction diagnosis has a positive predictive value of 94%. 23 All outcomes were evaluated 30 days after surgery. Events during surgery and at day 30 were included in the respective end points.
Statistical Analysis
Multivariable logistic regression models were used to estimate odds ratios (ORs) with 95% confidence intervals for respective stroke groups. Fully adjusted models included sex, age, body mass index, and all comorbidities, pharmacotherapies, and surgical categories from Table 1 , as well as surgery risk level as defined above. Patients with no prior stroke were used as a reference. Relevant interaction analyses were chosen a priori based on clinical relevance (atrial fibrillation, antithrombotic therapy, use of statins, calendar year, and sex). Dose-response splines adjusted for sex, age, and surgical category were created by restricted cubic spline functions using the macro provided by Desquilbet et al. 24 Because patients without stroke did not have a "stroke time," this analysis was restricted to patients with prior stroke. Knots were placed at p10, p25, p50, p75, and p90; p50 was used as the reference. Because of high proportions of missing values, the smoking (24% missing) and alcohol (16% missing) variables were not included in our main analyses. However, we performed a sensitivity analysis based on imputed values using the SAS "proc mi" procedure (5 imputations), followed by "proc logistic" and "proc mianalyze." Values were considered missing at random. Because some patients had more than 1 surgery performed during the study period, we performed a sensitivity analysis including only the first surgery for each patient to ensure that the assumption of independence of observations was not violated. As an additional sensitivity analysis, we calculated the propensity of having a history of stroke by multivariable logistic regression models including all variables from Table 1 except for surgeries (C=0.893) on the "cleaned" subpopulation (as specified in eFigure 1 in the Supplement).
We defined a propensity-, sex-, and surgery group-(16 categories) matched cohort using the Greedy matching macro (http://www.mayo.edu/research/documents/gmatch .sas/DOC-10027248). Odds ratios associated with prior stroke for the propensity score-matched cohort were calculated using conditional logistic regression models. Twosided P<.05 was considered statistically significant. All 
Outcomes
Crude events, incidence rates, and unadjusted odds ratios for patients with no prior stroke, patients with stroke any time prior to surgery, and stratified by time between stroke and surgery for 30-day MACE, its components, and 30-day all-cause mortality are presented in Table 2 . Incidence rates of 30-day ischemic stroke were 149.6-fold higher in patients with stroke less than 3 months prior to surgery compared with patients without stroke, whereas incidence rates of 30-day all-cause mortality were 12.6-fold higher in patients with stroke less than 3 months prior compared with patients without stroke.
Association of Time Elapsed Between Stroke and Surgery With Perioperative Risk
There was a stepwise decline in risk associated with prior stroke for longer time distances between stroke and surgery ( Figure 1 ). .01 for stroke <3 months prior; overall P = .003 for interaction) (eFigure 2 in the Supplement). The elevated risk of MACE associated with prior stroke were to a large extent driven by a high risk of recurrent stroke (Figure 1) , with an adjusted OR of 67.6 for recurrent stroke among the subgroup with stroke less than 3 months prior. There was no significant association between prior stroke and risk of acute myocardial infarction (eFigure 3 in the Supplement). The risk of cardiovascular death (as a separate end point) was also increased for patients with prior stroke (OR, 4.35; 95% CI, 3.06-6.19 for stroke <3 months prior); crude events and full ORs are available in eFigure 3.
Splines
Based on the cubic regression splines among patients with prior stroke, we found that the ORs leveled off around 9 months for MACE, all-cause mortality, and ischemic stroke (P<.001 for nonlinearity for all end points) ( Figure 2) . 
Sensitivity Analyses
Analyses including imputed values on alcohol and smoking as covariates in the models did not change the estimates substantially (ORs are shown in eTable 7 in the Supplement). Excluding surgeries of potential acute/emergent etiology yielded similar results to the main analyses, with stepwise declines in risk associated with prior stroke for longer time elapsed between stroke and surgery (eFigure 4 in the Supplement). Compared with no stroke, ORs associated with MACE were 22.10 (95% CI, 16.85-29.00), 9.14 (95% CI, 5.97-13.99), 3.45 (95% CI, 2.17-5.48), and 2.83 (95% CI, 2.24-3.58) for stroke less than 3 months, stroke 3 to less than 6 months, stroke 6 to less than 12 months, and stroke 12 months or more prior to surgery, respectively. Among the subgroup of patients undergoing primary hip and knee replacement surgery, 12 of 59 (20%) with stroke less than 3 months, 7 of 50 (14%) with stroke 3 to less than 6 months, 7 of 99 (7.1%) with stroke 6 to less than 12 months, and 14 of 538 (2.6%) with stroke 12 months or more prior to surgery had a MACE within 30 days compared with 223 of 39 396 (0.6%) in the nonstroke group. Adjusted ORs associated with MACE for the stroke groups were of similar magnitudes as those seen in the other analyses (OR, 27.71; 95% CI, 13.96-54.97 for stroke <3 months prior; OR, 16.13; 95% CI, 6.85-38.00 for stroke 3 to <6 months prior; OR, 9.22; 95% CI, 4.10-20.77 for stroke 6 to <12 months prior; and OR, 2.68; 95% CI, 1.50-4.79 for stroke ≥12 months prior compared with the nonstroke group). Results for ischemic stroke and all-cause mortality are shown in eTable 8 in the Supplement.
There were no major differences between stroke patients and controls in propensity score-matched subgroups (baseline characteristics are shown in eTable 9 in the Supplement). The analyses yielded similar relationships between stroke groups and risk of adverse outcomes as the main analyses ( Table 3) .
The sensitivity analysis including only the first surgery during the study period also yielded similar results to our main results; ORs for 30-day MACE were 14.48 (95% CI, 11.49-18.25) for stroke less than 3 months prior, 5.37 (95% CI, 3.47-8.32) for stroke 3 to less than 6 months prior, 2.97 (95% CI, 1.97-4.48) for stroke 6 to less than 12 months prior, and 2.39 (95% CI, 1.94-2.93) for stroke 12 months or more prior compared with the nonstroke group (full results are shown in eFigure 5 in the Supplement).
Secondary Analyses
We found a history of stroke to be associated with greater risk of 30-day MACE in patients without atrial fibrillation (OR, 4.74; 95% CI, 4.12-5.46) compared with patients with atrial fibrillation (OR, 2.18; 95% CI, 1.64-2.89; P<.001 for interaction). We also found prior stroke to be associated with lower risk of 30-day MACE for use of antithrombotic therapy (OR, 3.10; 95% CI, 2.67-3.61) compared with no use of antithrombotic therapy (OR, 6.28; 95% CI, 5.06-7.80; P<.001 for interaction). Similarly, ORs for 30-day MACE among patients treated with statins were 3.59 (95% CI, 2.99-4.31) compared with 4.36 (95% CI, 3.66-5.19) among patients not receiving statin treatment (P=.046 for interaction) (see eFigure 6 in the Supplement for additional interaction analyses). Associated risks did not differ between men and women (P=.50 for interaction). Also, there was no statistically significant difference in association between stroke group and risk of MACE for calendar year (P=.46 for interaction). 
Discussion
In this nationwide study, we included all elective surgeries in Denmark in 2005-2011 to study the importance of timing of surgery in patients with a history of stroke for the risk of MACE and death following surgery. In summary, we demonstrated that prior ischemic stroke, irrespective of time between ischemic stroke and surgery, was associated with an adjusted 1.8-and 4.8-fold increased relative risk of 30-day mortality and 30-day MACE, respectively, compared with patients without prior stroke. Second, we demonstrated a strong time-dependent relationship between prior stroke and adverse postoperative outcome, with patients experiencing a stroke less than 3 months prior to surgery at particularly high risk. The risk stabilized after approximately 9 months. Third, the increased relative risks associated with prior stroke were found to be of at least similar magnitudes in low-and intermediate-risk surgeries, as in high-risk surgeries. Studies investigating the importance of timing of surgery in patients who have had a stroke are sparse. In patients who have had a myocardial infarction, a 3-month limit 3 and a 6-month limit 1, 5 have been suggested for increased risk of postoperative complications (repeat myocardial infarction, cardiac arrest, and overall mortality). For stroke, a similar timedependent risk was apparent, but our results suggested that patients with stroke should be considered at particularly increased risk until 9 months following stroke. As only elective surgeries were included in this study, we believe that the data reflected a true risk rather than confounding by indication (ie, emergent surgeries were excluded), although we were not able to evaluate causal relationships because of the observational design of this study. Previous studies have demonstrated that a history of stroke is associated with increased perioperative risk in high-risk surgeries [25] [26] [27] as well as intermediate-and low-risk surgeries. 28, 29 A recent study including patients with prior stroke undergoing coronary artery bypass graft surgery concluded that prior stroke was associated with an increased risk of postoperative stroke and death. 26 However, in contrast to our results, they found the relative risk to increase with increasing time between prior stroke and coronary artery bypass graft surgery. 26 The effect of time between prior stroke and surgery as a risk factor for adverse outcomes has been investigated as a dichotomous variable in patients undergoing intermediate-and high-risk surgeries (total hip replacement, total knee replacement, or surgery for abdominal aortic aneurysms), ie, before and after 6 months prior, because of insufficient power for further stratification. 30 The study did not demonstrate any reduced risk in patients with a stroke more than 6 months prior to surgery. 30 Our results were based on a larger number of patients undergoing various types of noncardiac elective surgery. In addition, time between stroke and surgery was analyzed as a continuous variable in cubic spline regression models and was further stratified into 5 groups, which provided a more detailed presentation of the time dependence in stroke associated risk of adverse events following elective surgery than prior studies. Although some of the subgroup analyses stratified by surgery risk included rather few surgeries, it was noticeable that Splines of the association of time elapsed between stroke and risk of major adverse cardiac events (MACE), mortality, and ischemic stroke, respectively, among patients with prior stroke. Dashed lines represent 95% confidence intervals. All splines were adjusted for sex, age, and surgical category. The median time between stroke and surgery (665 days) served as the reference.
the highest relative risk of MACE for the group with stroke within 3 months was observed among the intermediate-risk surgeries and that low-risk surgeries were not associated with better outcomes than high-risk surgeries. Thus, it seems important to take a history of recent stroke seriously, including in the context of minor surgical procedures. Interestingly, we found the risk of prior stroke to be less adverse among patients with atrial fibrillation compared with patients without atrial fibrillation. The cause of stroke was unfortunately not known in our study, but it is likely that a greater proportion of patients with atrial fibrillation might have had thromboembolic stroke compared with stroke secondary to severe intracranial atherosclerosis. Although speculative, the risk of recurrent stroke in response to hemodynamic alterations may be greater for patients with pronounced intracranial atherosclerotic manifestations compared with patients who had stroke due to a thrombus originating in the heart. Another possibility could be that patients with atrial fibrillation receive better antithrombotic prophylactic therapy than patients without atrial fibrillation. More research is needed to investigate these theories.
Our study included a large, unselected contemporary cohort of patients presenting with a wide range of indications for surgery. This enabled us to investigate relatively rare perioperative and postoperative outcome events in several subgroups of patients, with an accuracy that is rather unique to Denmark. During our study period, guidelines and opinions regarding the discontinuation of antithrombotic therapy prior to elective surgery varied substantially. Unfortunately, we could not adjust for strategy of preoperative antithrombotic management because in-hospital medication was not registered. It is therefore not known whether these findings are explained by perioperative use of antithrombotic agents, and the same applies to use of other medications. Furthermore, only in-hospital diagnoses, which have been validated, were considered when defining comorbidities, which may have led to an underestimation of the burden of comorbidities in our cohort. We were also not able to discern between thromboembolic and atherothrombotic strokes, which perhaps could have refined risk assessment further (we found that the thromboembolic diagnosis of stroke was very infrequently used in our registries [data not shown]).
The observational nature of this study makes it impossible to appreciate if surgeries were postponed because of a history of stroke or whether the surgeries were performed at any given time regardless of a history of stroke. Additionally, the study design does not exclude the possibility of residual confounding by information not available in the registries. Among other data, we lacked information on severity of stroke sequelae indication for surgery, pulmonary crackles, accelerating chest pain, left ventricular ejection fraction, third heart sounds, and valvular heart disease, which might explain some of the increased risk associated with stroke less than 3 months prior to surgery. Finally, the study was undertaken in Denmark in a predominantly white population, and the generalizability of our findings to other countries and nonwhite populations is unknown.
Conclusions
A history of stroke was associated with increased risk of MACE and mortality in patients undergoing elective noncardiac surgery, particularly if time elapsed between stroke and surgery was less than 9 months. Low-and intermediate-risk surgeries seemed to pose at least the same relative risk of MACE in patients with recent stroke compared with high-risk surgery. Our findings need to be confirmed but may warrant consideration in future perioperative guidelines.
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